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each well Cultures are maintained at 37°C for 48 hours, and syncytia are counted using 
light microscopy at 200x. Table IV lists the concentration of CD4-y2 and sCD4 required 
to give 50% inhibition of syncytia formation (IC$ 0 ): 



Molecule 


ic S o 

{tig/ml) nM 


sCD4 


9.19 200 


CD4-Y2 


4.03 40 



These results demonstrate that CD4-y2 inhibits HTV-1 envelope-mediated cell fusion and 
is more effective than sCD4 on the basis of mass or molarity. 

Hi) HIV-1 Neutralization Studies: 

CD4-y2 has been tested for ability to neutralize HIV-1 in vitro, using a laboratory-adapted 
strain and a primary isolate of HIV-1. These assays were performed as prev,ously 
described 2 * Briefly, 50 tissue culture infectious doses of the laboratory-adapted strain 
HTV-luu or the primary isolate HTV-lnucsF were incubated with serial 5 fold-dilutions of 
CD4-y2 or sCD4 for 30 min. at 37°C. The mixtures were then added to 2 x 10 PHA- 
activated normal donor peripheral blood mononuclear cells. The cultures were washed on 
day 1 and the cellular supernatants were assayed for p24 core antigen expression on day 
7 The percent neutralization was determined by comparing p24 antigen concentration in 
treated and untreated cultures. The concentrations of CD4-y2 and sCD4 giving 90% 
neutralization (IC*j) are shown in Table V. 



Molecule 


IC* (ug/ml) 
LAI JR-CSF 


sCD4 


4.4 4.9 


CD4-Y2 


1.5 1.6 



Table V: Concentrations of sCD4 or CD4-r2 giving 90% neutralization of MV-Ilai and HIV-l,^. 

These results demonstrate that CD4-y2 is biologically active and neutralizes these isolates 
of HTV-1 more potently than sCD4. 

iv)Fc Receptor Binding Analysis: , 
CD4-Y2 incorporates the Fc portion of human IgG2 in order to minimize Fc-mediated 
function, including Fc receptor binding. Flow cytometry was used to analyze the binding 
of CD4-Y2 to the human monocytic cell line U937 that expresses FcRyI, FcRyII and 
FcRyIH lug/ml of CD4-Y2 or control human IgGl (Sigma) was incubated with U937 
cells for 1 hour at 37°C, washed and incubated with FITC-goat anti-human IgG at 4 C for 
30 minutes, washed and analyzed using a Becton-Dickinson FACScan. The results (n t 
shown) demonstrated that whereas control human IgGl avidly binds to Fc receptors on 
U937 cells, CD4-y2 exhibits no measurable Fc receptor binding, eliminating a potential 
mechanism for CD4-y2 binding to non-target cells. 
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Effective Ex Vivo Neutralization of Human Immunodeficiency Virus 
Type 1 in Plasma by Recombinant Immunoglobulin Molecules 
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Wc tested the ability of human mooodonaJ antibodies (Immunoglobulin GIbU [IgGlbL2] and 19b) and 
COt-lmsed molecules <CD4-igG2 and Soluble CD4 [sCD4]) id neutralize human ioimunodetidenry vf ma type 
1 directly (ron tbe plasma or seropositive donors in an ex vivn neutralization assay. IgGlblZ and CM-lgG2, 
at concentrations Arum 1 to 25 ng/ml, were found to be effective ai reducing the HTV-l titer in most plasma 
samples, VVbcn viruses recovered from plasma samples were expanded to produce virus stocks, no comjiatiou 
between the neutralization Sensitivities id IgGU>I2 and CD4-igC2 of the in vitro passaged stocks and chase of 
die ck mo ncuiraliaations performed directly on the plasma was observed. These differences could be due to 
changes in neutralization sensitivity that occur after one passage of the virus in vitro, or they could be related 
. to the presence of complement or antibodies in the plasma. Furthermore, differences in expression of adhesion 
molecules on piasroaHlerived and phytohemaggluiinin-attivated peripheral blood mononuclear cclUderKed 
viruses could be involved- These studies suggest that lgGlbl2 and CD4-lgGZ have broad and potent neutral- 
ising activity in both in num and ex vivo neutralization assays and should be considered for use as potential 
imraonopropbylaciic or therapeutic agents. 



Recombinant soluble CD4 (sCD4), which represents the 
extracellular domain of the cell surface receptor for human 
immunodeficiency virus type 1 (HIV-1), was initially demon- 
strated to effectively block infection of laboratory strains of 
HIV-1 in vitro (11, 14, 17. 18, 23, 36. 40). However, it was later 
shown that primary isolates of HIV-1 are relatively resistant to 
neutralization by &CD4 (3, 10. 23) and thai the sensitivity of 
primary HTV-i isolates could be increased by repeated passage 
in vitro (10, 23). Hie clinical relevance of these findings be- 
came apparent when it was demonstrated that* at a concentra- 
tion capable of neutralizing laboratory-adapted strains of 
HDM, sCD4 was ineffective at neutralizing HIV-1 directly 
from samples of patient plasma in an ex vivo format (10). This 
finding was correlated with relative ineffectiveness in therapeu- 
tic trials (9, 10). It has now been shown thai primary HIV-i 
isolates are relatively resistant not only to neutralization by 
sCD4 (3, 10, 23, 27, 32) but also to monoclonal antibodies (24, 
25) and other CD4~based molecules (18, 24), compared with 
laboratory-adapted strains of HlV-1, a finding that has caused 
concern among those charged with developing inununoiherv 
pcutics and vaccines against HIV-1 (9). 

Despite the relative resistance of primary HIV-1 isolates to 
neutralization, recent studies have shown that primary HJ\M 
isolates can be neutralized in vitro by certain monoclonal an- 
tibodies, CD4*based molecules, and the sera of long-term non- 
progressors from HIV-1 infection (1, 7, 8, 41). Most of the 
potent monoclonal antibodies* however, have not been tested 
for their ability to neutralize HIV-1 directly from plasma, as 
was done with sCD4. We therefore sought to study the ability 
of these newer molecules to neutralize HTV-l directly from 
patient plasma samples in an ex vivo assay. The antibody prod- 
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ucts we chose io *iudy were immunoglobulin Glbl2 (lgG1bl2), a 
human monoclonal antibody produced from a combinatorial 
phage display library (7, 33)» and CD4 lfjG2, a tctramcric hu- 
man antibody prepared from a human lgG2 with replacement 
of each heavy- and light^hain variable region by the first and 
second domains of human CD4 (1). Both IgGlbl2 and CD4- 
IgG2 recognize discontinuous epitopes overlapping the CD4- 
binding site (CD4-BS) on HIV-1 gpl20 (I, 7, 33) and have 
been shown lo effectively neutralize primary HIV-1 isolates in 
standard in vitro assays (1, 7). In our studies, controls included 
sCD4 and 19b, a human V3^pecitic antibody that recognizes 
determinants within the third variable region of HIV-1 gpl20 
(28, 35). Monoclonal antibody 19b was produced by B-cell 
transformation and cloning and has limited activity against 
primary isolates of HTV-l (24, 41). 

We first assessed the ability of IgGlbl2, CEW-lgGZ, and 
sCD4 io neutralise four distinct isolates of HIV-1 in a standard 
in viixo neutralization assay. The four HIV-1 isolates included 
a virus adapted to grow in transformed T-ccll lines (LAI), a 
molecularly cloned isolate (JR-CSF) that demonstrates many 
of the characteristics of a primary liIV-l isolate and will not 
grow in transformed Tcell lines (20), and two primacy HIV-1 
isolates (AD6 and WH91-330) that have been passaged twice 
in mitogen-siimulated peripheral Mood mononuclear cells 
(P8MQ arid will not grow in transformed T*CeII lines (19, 42). 
IgGlbli, CD4-]gG2, and sCD4 were tested at concentrations 
from 0.006 to 100 jifi/ml for their abiliry to neutralize a fixed 
inoculum of these viruses (200 50% tissue culture infective 
doses fTCID 50 ]) on phytohemagglutinin (PHA)-stimulated 
PBMC by previously described methods (ft, 24, 41). Viral p24 
antigen was measured by enzyme immunoassay (Abbott Lab- 
oratory, Abbott Park. III.) on days 4 t 7. and neutralization 
curves were generated (Fig. ]). 

Consistent with previous observations (I. 24), sCD4 effec- 
tively neutralized LAI and JR-C$F(Fig. 1) wjih 50% inhibitory 
dcdes (|D 31I ) and ID*, of 0.024 and 0.39 ug/ml for LAI and 0.8 
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and 5.5 ^ml for JR-CSF, respectively. However, $CD4 was 
nol effective in neutralizing WH<Jl-330 (<20% reduction in 
p24 production at 100 u-g/ml) but was moderately effective in 
neutralizing |he other primary isolate AD6, with an fD M of 9 
u.g/ml and an JD M of 90 p-g/roL Neither LA) nor JR-CSF 
showed sigmficaDt differences in neutralization sensitivity to 
sCD4, IgCilbl2, and CD4*IgG2. In contrast* primary isolates 
AD6 and WH91-330 were more sensitive to neutralization by 
lgGlb]2 iind CD4-lgG2 than by sOK While ihcrc was some 
loss in neutralization sensitivity to IgGlb]2 and CD4-lgG2 
when moving from laboratory strains to primary isolates, the 
greatest loss in sensitivity was to sCP4 (Fig. 1), These results 
confirm that primary isolates AD6 and WH9J-330 arc rela- 
tivcJy resistant to neutralization, even by IgGlbl2 and CD4- 
lgG2, but to a much lesser degree than they are resistant to 
ncutralaation by sCD4. 

We nexi sought to test the ability of IgClbl 2 and CDoMgG2 
to neutralize viruses that had not previously been subjected to 
passage, and possible selection, in vitro, by using a previously 
published method (10). All plasma samples used in this study 
were drawn from HI V-l -infected paiienls in the New York 
metropolitan area. Briefly, &CD4, 1 9b, (gGlbl2, or CD4-lgG2 
(final concentration, 25 ftg/ml) was added to 24-wcll plates 
containing serial fivefold dilutions f HTV-1 -infected plasma. 
The mixture was incubated with 2 X 10P PHA-siimulated 
PBMC from tin uninfected donor. After 24 ht the cultures were 

O 



washed extensively and cultured for 14 days. Viral replication 
was measured by the expression of p24 antigen in the culture 
supernaiants by using a commercial enzyme immunoassay 
(Abboit) on days 7 and 14. An end-point titer of infectious 
HI V-l in the presence or in the absence of added reagent was 
calculated (10, 16). A Culture was considered positive if the p24 
value was above 50 pg/nil. 

Plasma sampler from six donors were used to perform cx 
vivo neutralization assays. These HIV-infected plasma sam- 
ples were selected on the basis of having an initial infectious 
titer of at least 250 TCIPio/ml and therefore were derived 
from patients in the later stages of HIV-l infection* The in- 
fectious titer of HI V-l in the plasma samples in the presence 
or in the absence of each monoclonal product is shown in Fig. 
2. With this assay we were unable to reproducibly measure a 
fivefold or smaller reduction in infectious liter within any given 
plasma sample (data not shown), and we therefore defined 
effective neutralization as a greaier-than-tivefold decrease in 
viral liter in a plasma sample. Both IgGlhl2 and CD4-IgG2 
neutralized HIV-i in 5 of 6 plasma sample* (Fig, 2). The 
degree of neutralization ranged from a 25- to a 625-fold re- 
duction in the original infectious titer. In comparison* sCD4 
and 19b, when used at ihc same concentration, neutralized 
HIV-1 in 0 of 4 and 2 of 6 plasma samples, respectively. 
Therefore, lgG1bl2 and CD4-IgG2 appear to be more effec- 
tive in neutralizing plasma HIV-1 isolates in ex vivo neutral* 
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ization assays than arc sCD4 and 19b. h is also important to 
note that viruses within one of (he six plasma samples were 
resistant to neutralization by IgGlbl2 but sensitive to CDd- 
tgC2 (patient no. 2), while viruses within another plasma sam- 
ple (patient no. L4) were resistant to CD4-lgG2 but sensitive to 
lgGlbl2_ This result is not unexpected, considering that the 
(wo antibody preparations recognize distinct, though overlap- 
ping, sites on gpI20 and that vims isolates that are resistant to 
one, the other, or both products have been previously de» 
scribed (41). 

Hie ex vivo neutralization assay involves serially diluting 
patient plasma samples in 24-wcU tissue culture plates. There- 
fore, each welt contains not only a different infectious inocu- 
lum of HIV-l but also a different concentration of human 
plasma. To rule out the possibility that these different plasma 
concentrations could a fleet the ex vivo neutralization results, 
we tested the ability of IgGlbU and CD+-Ig02 to neutralize 
virus present in four of the previous plasma samples when the 
plasma was diluted in culture medium or normal human 
plasma. Under the latter conditions, the concentration of hu- 
man plasma was kept constant in ail wells. As shown in Fig. 3, 



1250-1 


w 1250- 


250- 




!» 

£ 10. 






2- 

* 


1 , 1 <2-l 




No MAb 2Suwml 



1 1 

No MAb 25u«mi 



FIG. 3. Efed of normal hunttrt pfaartis on es *i*o tteaifftliotinn. CD*-lgG2 
»iid IsOlbU <«rc cad) incuhaintl waft iwi 4HV.Unf«3«i pbtm* iunpis 
JjZuud >o mediort (open cymbals) or h> punnal human plasma (closed cyrnDofe)- 
VirOi replication «ns okABircd toy the expression of p24 antigen present in the 
Cbtturo Mipernauuits on day? 7 and 14. Efirt of Ike [out HivM*nfa£l£d patient* 
19 rcprcxnicd by ■ different ijroboli A, patent no. 3; Q f p«i«At no. ] 3; O t papant 
na 2; □. palicm oo. 14. MAb. monadon*) antibody. 

o 



the use of plasma as a diluent did not affect tbe neutralization 
results by more than fivefold, indicating that high or low con- 
centrations of plasma do not significantly affect the cx vivo 
neutralization assays. In addition, the results in these assays 
were similar to those shown in Fig. 1. indicating the reproduc- 
ibility (within a hvefold difference) of the assays. 

W c next tested IgClbl2 and CD4~IgG2 at 1, 5, and 25 u.g/m! 
in ex vivo assays. Results Tram seven different plasma samples 
are shown in Fig. 4. Viruses in some of the plasma samples 
(patients no. 301, 404, and 17) were sensitive to these antib dy 
products at 1 itg/inJ, while viruses in other plasma samples 
(patients no. 410 and 20} were sensitive only at 25 uvg/ml- In 
general, however, it is remarkable how similar the activities of 
these two products against viruses in these seven plasma sam- 
ples were. This would not be apparent, however, if only one 
concentration of antibody were tested (i 25 jig/ml on plasma 
from patient no. 20). These results indicate that, in contrast to 
previous studies with sGD4 (10), effective est vivo neutraliza- 
tion of virus in most plasma samples can bo achieved with 
between 1 and 25 u.g of lgGlb!2 or CD4-L&G2 per ml. 

To determine if passage of virus in plasma through PHA- 
activatcd PBMC would alter the neutralization sensitivity, in 
vitro neutralization assays against virus passaged once in PHA- 
activaicd PBMC (Pi isolates) recovered from six HIV-l -in- 
fected plasma samples were performed. Both reagents were 
utilized at graded concentrations from 0.001 to 100 jig/ml. In 
general, both IgClbl2 and CD4-IgG2 were active against most 
of the pi isolates; ihc ID*, were <1 jig/ml for virus from 
patient no. 14, 1 to 10 u&'ml for patients no. 2 and 3. and 10 to 
100 u.g/ml for patients no. 1*7 acid 20. Only virus from patient 
no. 0 could not be neutralized 90% or more by 100 p.g of 
lgOlbl2 or CD4-IgG2 per mL 

No correlation between the neutralization sensitivities of 
IgGlbU and CD*>IgG2 in ex vivo assays and those in in vitro 
neutralization assays performed on PI isolates from those 
plasma samples (Fig, 2, 4, and 5) was observed. As shown in 
Fig. 2, HIYM in the plasma from patient no. 2 was potently 
neutralized ex vivo by CD4~IgG2 (>625-fold at 25 u,g/ml) and 
not by igGlbl2 (at the same concentration). However, the PI 
isolate generated from that plasma was comparably neutral- 
ized in vitro by both reagents (ID*, and ID W , 0.1 and 3.12 
u^/ml, respectively (Fig. 5]). A further example is provided by 
a plasma sample from pattern no. 14 that was not signincandy 
neutralized in the ex vivo assay by CD4-IgG2 but was neutral- 
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ized by IgGlbl2 (5- and 625-fold reduction in infeerivity at 25 
M-ft/ml, respectively [Fig. 2]). yet ihc corresponding PI isolate 
was equally neutralized in vitro by both reagents (>95% neu- 
tralization ;t( 25 >i£/mJ). Therefore^ the viruses best neutralized 
in vitro were not necessarily derived from the plasma samples 
with the best ex vivo neutralization profiles. Much of this dis- 
crepancy may relate to selection of viruses upon passage in 
PHA-stimuiated PBMC The biphasic nature of many of the in 
vitro neutralization curves (IgGlb12 curve for patient no. 14, 
for instance [Fig. 5]) indicates that some of the p] isolates 
contain mixtures of viruses with different sensitivities to TgGlbl2 
and CTVtJjiGZ 

Our results indicate that both human monoclonal antibody 
IgGlbl2 and the CD4~based molecule CD4-JgG2 effectively 
neutralize HIV-1 directly from the plasma of seropositive do- 
nors in an ex vivo neutralization assay. Additionally, IgGlbl2 
and CD4-1&G2 effectively neutralize T-cell line-adapted strains 
and primary isolates of HfV-1. However, when viruses recov- 
ered from plasma samples were expanded in PBMC to produce 
virus stocks, the in vitro neutralizati n sensitivity of those plas- 
ma-derived stocks could not be predicted by the previous ex 
vivo neutralization assays. 

Both IgGlbl2 and CDA-IgG2 interact with the discontinu- 
ous CD4-IiS on gpl20 (1, 4, 33). In order to maintain the 
ability to bind CD4, certain as yet undefined structural features 
of this cpiiopie region remain conserved between virus isolates 
(29). h is therefore logical that the two broadly reactive neu- 

o 



tralizing antibody-based products described here interna with 
this region. Since gp)20 exists in multimeric form on the sur- 
face of the virus (6, 12, 34), the structural constraints upon the 
CD4-BS may also be apparent in the multimeric structure of 
the surface protein. The structural and functional differences 
in £0)205 from different isolates of HJV-J may not be measur- 
able in assays based upon the monomcrtc form of this glyco- 
protein. Indeed, it has been shown that the CD4-BS of primary 
Hl\M isolates from diverse geographic clades are conserved 
(26) and accessible to monoclonal antibodies when measured 
on gpl20 monomers. The CD4»BS as expressed on multimeric 
gpi26-gp41 complexes may therefore be significantly different 
from the domain as expressed on gp!20 monomers (22, 34, 39). 
Assaying the neutralization sensitivity of unpassaged virus to 
monoclonal antibodies may be one method for measuring the 
functional differences in multimeric gpl20. 

Many other antibodies that interact with tbe CD4-BS on 
gpi20 have failed to demonstrate the broad and potent neu- 
tralization of primary isolates of HTV-1 as demonstrated by 
IgGlbl2 and CD4-igG2 (24), This fact can probably be ex- 
plained by the fact that most of those products bound well to 
monomcrtc gpl20 but were not specifically capable of binding 
to multiracric gpl20. It has now been shown that virus neu- 
tralization correlates broadly with monoclonal antibody bind- 
ing to the multimeric form of gpl20 (34, 39). JgGlbl2 has been 
shown to bind well to multimeric gpl20 (34). This observation 
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Designing CD4 immunoadhesins for AIDS therapy 
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A newly-constructed antibody-like molecule containing the gpi2Q*binding domain of the receptor for human 
immunodeficiency virus blocks HIV-1 infection of T cells and monocytes. Its long plasma half life, other antibody-like 
properties, and potential to block all HIV isolates, make it a good candidate for therapeutic use. 



Despite the exquisite ability of the immune sy$tem to distin- 
guish between self and non-self, and to pui forth an impressive 
diversity in its antigen-recognizing repertoire, it can still be 
outflanked by a rapidly changing pathogen. Human 
immunodeficiency virus lypc 1 {HlV-1) is an example of such 
a pathogen, and. as a result, its consequences are devastating. 
Every individual infected with the virus is eipected 10 develop 
a serious or life-threatening illness 1 ; no protective suic ha* been 
shown to be generated in natural infections. It hds not yet been 
Possible to generate a protective response by immunizing chinv 
paiuees with gpUO, the HIV-1 envelope glycoprotein", or to 
confer passive immunity to chimpanzees using human IgG\ 
Even neutralizing antibodies made in experimental animals can 
block the infcctiviiy of only a few HIV-1 isolates". Thus, the 
prospects for eliciting protective immunity against HIV.| B or 
for using antibodies as therapeutic agents to control HIV-i 
disease are bleak. Anli-rctrovjral chemotherapy using dideoxy. 
nucleosides such us AZJ does help some patients, but the 
toxicity is such that new sirategtes are needed 0 . 

We have therefore attempted to block HIV-1 infectivity with 
soluble derivatives of CD4, the receptor for HIV-1 , with the 
rationale that the CD^-binding domain of gp!20 is the only pan 
°« gpJ20 that the virus cannot afford to change 7 . CD< is a 
c ell;SMrface glycoproiein found mostly on a subset of mature 
Peripheral T cells that recognize antigens presented by class II 
MHC molecule**'*. Antibodies to CD4 block HIV-] infection 
«f Tcells ,u '" and human cells not susceptible to HIV-1 infection 
"fcomc so after transaction vim a CD4 cDNa u \ Cpl20 binds 
7 w »ih high affinity < JC,,- 10"°M|, suggesting ihut it is this 
) ln, «raction which is crucial to the entry f virus into ccll$ 7J \ 
Indeed, we 7 and others 1 " 1 * 1 * have shown thai soluble rCDa, 
Peking m e transmembrane and cytoplasmic sequences of CD4, 
f*n block H|V,| infect iWty. syncytium formation, and cell kill- 

M?vr by BP,2 ° (rcf - I9|t 1004 b|ocks thc '"^ciiviiv of diverse 
*«V-I isolates (R.B., J.G.. H.M. and S.B., unpublished results),- 



and in theory should block all. At best, however, soluble r€D4 
oflcrs only a passive defence against the virus. 

Aoive immunity requires a molecule such as an antibody, 
which can specifically recognize a foreign antigen or pathogen 
and mobilize a defence mechanism. Antibodies comprise two 
functionally independent pans, a rather variable domain (Fab), 
which binds antigen, and an essentially constant domain (Fc), 
providing the link to effector functions such as complement or 
phagocytic cells. It is almost certainly the lack of an antigen- 
binding domain which can neutralize all varieties of virus that 
hampers the development of humourat immunity to HIV-1, W c 
reasoned that the characteristics of CD4 would make it ideal as 
the binding site of an antibody against HlV-1. Such an antibody 
would bind and block all HIV.| isolates, and no mutation the 
virus could make, without losing its capacity to infect CD4" 
cells specifically, would evade it. We therefore set out to con- 
struct such an antibody by fusing CD4 sequences to antibody 
domains. 

Wc had two major aims for our hybrid molecules; first, as~ 
pharmacokinetic studies in several species predict that thc half- 
life of soluble CD4 will be short in humans <3<M20 min: J.M., 
unpublished results) we wished to construct a molecule with a 
longer half-life; second, we wanted to incorporate functions 
such as Fc receptor binding, protein A binding, complement 
fixation and placental transfer, all of which reside in (he Fc 
portion of IgG. The Fc portion of immunoglobulin has a long 
plasma ha If- life, tike thc whole molecule, whereas thai of Fab 
i$ short, and we therefore expected lo be able to fuse our 
short-lived CD4 molecule \o Fc and generate a longer-lived CD4 
analogue. Because CD* is itself pan of the immunoglobulin 
gene superfamily, wc expected ;hat it would probably fold in a 
way thai is compatible with the folding ofFc. w e have therefore 
produced a number ofCDo-immunoglobulin hybrid molecules, 
using both the light and the heavy chains of immunoglob- 
ulin and investigated their properties. We have named one 
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Fig, 1 Structure of cell surface CD4, human IgGl (71), soluble 
rCD4, and CD4 immunoadhesins (2yl and 4*1). The 
immunoglobulin-like domains of CD4 are numbered 1 10 4; TM 
and CYT refer to ihc transmembrane and cytoplasmic domains. 
Soluble rCDd is truncated after proline 368 of the mature CD4 
polypeptide. This results in a secreted, soluble polypeptide with 
an affinity for gpl20 similar to that of cell surface Cp4 (ref. 7). 
The vertical division within IgGl indicate* the junction or (he 
variable (VH) and constant (CHI, hinge. CH2, and CH3) regioni, 
Disulphide bonds formed within IgGl domains and the 
immunoglobulin-like domains of CEMarc indicated by (S-S). The 
positions of cysteine residues that Tom intermolecular disulphide 
bridges connecting the IgGl heavy-chain hinge to light and heavy 
chains are indicated by (S). CCM-derived and IgGl -derived 
domains of 2j\ and a>l are indicated by shaded and unshaded 
regions, respectively. Tht 2y\ and «yl immunoadhesins consist 
of residues I tp 1 80 and residues 1 to 366 of the mature CD* 
polypeptide, respectively, fused to the first residue (serine 1 14) of 
the human IgGl heavy-chain Constant region. 
Method*. For the expression of CD* immunoadhesins > the sequen- 
ces of CD4 and human IgGl were fused by oligonuclcqtide- 
directed deletion a I mutagenesis after their insertion inio a mam- 
malian expression vector used for soluble rCD4 expression 7 . A 
human IgGl heavy.cha>n cDNA, obtained from a human spleen 
cONA library using probes based on the published sequence" 11 , 
was inserted at a unique Xba\ site found immediately 3' of the 
CD4 coding region in the same reading orientation uCD4. Syn- 
thetic 48-mer oligodeoxy nucleotides, complementary to the 3* 
nucleotides at the borders of the desired CD4 and IgGl fusion 
sites, were used as primers in the mutagenesis reactions using the 
plasm id described above as the template" 1 *. 



particularly interesting class of these CDd-immunoglobulin 
hybrids 'immunoadhesins', because they contain pan of an 
adhesive molecule** linked to the immunoglobulin Fc effector 
domain. 

Synthesis of CD4 immunoadhesins 

CD4 is an integral membrane protein with an extracellular region 
comprising four domains with homology to immunoglobulin 
variable domains* 1 ' 22 (Fig. l). Soluble CD4 derivatives consist- 
ing of this extracellular region bind gpl20 with the same affinity 
as cell-surface CD4 (ref. 7), CD4 variants containing only 
domains I and 2 also bind gpl20 l7,, \ Jbut the affinity of this 
interaction is noi known. We constructed a scries of hybrid 
molecules consisting of the first two or all four immunoglobulin- 
likc domains of CEM fused to the constant region of antibody 
heavy and light chains (Fig. I). 

We investigated the synthesis and secretion of these hybrids 
using transient expression in a human embryonic kidney-derived 
cell line, as shown in Fig. 2, immunoglobulin light and heavy 



chains arc efficiently expressed in these cells, and light chain it 
efficiently secreted, but heavy chain is not unless a light chaioj 
is coexpressed. Thus the rules governing immunoglobulin chain 
secretion in these cells arc the same as those for plasma or other 
lymphoid cells 23 . We first constructed hybrids thai fused CD4 
with the constant regions of murine a-- or yl -chains- These 
hybrids contained either the first two r all four immuno- 
globulin-like domains of CD4, linked at a p silion chosen to 
mimic the spacing between disulphidc-l inked cysteines seen in 
immunoglobulins (Fig. 1 ). As expected, the CD4-* hybrids were 
secreted well, whereas hybrids between CD4 and mouse 
chain were expressed but not secreted unless a * -chain or a V\ 
CD4-* hybrid was present. '\ 
A di rle rent and unexpected picture emerged when analogous ' s 
CD4- heavy-chain hybrids were constructed using the constant \"t. 
region of human IgGl heavy chain instead of mouse heavy ^ 
chain. Such hybrids, containing either the first two or all four^ 
immunoglobulin-like domains of CD4 (named 2yl and 4-yl^c 
respectively), were secreted in the absence of wild-type or hybrid 
light chains (Fig. 2o), Both 2y\ and 4yl could be directly 
immunoprecipitated using Staphylococcus Aureus protein A,^ 
which binds the Fc portion of IgGl, indicating thai the protein « 
A-binding sites of these constructs arc fully functional. Indeed, „• 
both molecules can be purified to near homogeneity on protein * 
A columns (Fig. 2b). ;-i 

Structure of CD4 immunoadhesins ? 

We examined the subunit structure of these immunoadhesin ? 
molecules using SDS-polyacrylamide gels (Fig. 2b). Without ; 
any reducing agent, the apparent relative molecular mass (M r ) 
of each construct doubled, demonstrating that both immune*- * 
adhesins are disulphide-linked dimers. The hinge region of each -1 
immunoadhesin contains three cysteine residues, one normally I 
involved in disulphide bonding to light chain, the other two in \ 
the intermolecular disulphide bonds between the two heavy g 
chains in IgG. As the molecules art dimers at least one, and 1 
perhaps, all three, of these cysteine residues are involved in 
intermolecular disulphide bonds. We examined the capacity of 
2yl and 4yl to form disulphide links with light chains. When 
an immunoadhesin construct was eotransfecred with a light 
Chain, the light chain produced could be precipitated by protein 
A. Mutagenic substitution of the first hinge-region cysteine with 
alanine abolished light-chain bonding, but did not afleci 
dimerizatton (data not shown), indicating thai this cysteine 
bonds the light chain in these hybrids, as in normal IgG. Thus 
the disulphide bond structure of these immunoadhesins seems 
to be analogous to that of immunoglobulins. 

gpl20 binding 

To determine whether our immunoadhesins retain the ability to 
bind gp!20 wjth high affinity, and whether the first two 
immunoglobulin-like domains are sufficient, we carried out 
saturation binding analyses with radioiodinated gpl20. Binding 
is saturable, showing a simple mass action curve (Fig. 3a ). The 
dissociation constant iK a ) for the interaction of each 
immunoadhesin with gpUO. calculated by Scatchard analysis 
/Fig. 3a, inset), was indistinguishable from that of soluble rCD4 
(~10~ v M) (Table 1). Thus, the N-terminal 170 amino acids of 
CD4 are sufficient for high-affinity binding. As these immuno- 
adhesins arc homodirneric, they should each Rave two gpf20- 
binding sites. We examined this possibility by coating plastic 
microiiire wells with gpl20, then adding t soluble CD** or 
immunoadhesins. Both immunoadhesins could bind added 
labelled gpl20, whereas soluble rCD4, with only nc gpl2ff 
binding site, could not (J. Porter and S. C.. unpublished results). 
To confirm the bivalent nature of 2yl and 4<y|, we examined 
their ability to agglutinate sheep red bl od cells coated with 
gpl20. Again, both CD4 immunoadhesins, but not soluble rCD4. 
agglutinated the cells, showing thai binding t gpl20 molecules 
on different cells is not sterically hindered. 



NOV- 13-00 17:20 FROM = COOPER & DUNHAM 



ID: 2123310525 



PAGE 36/42 



NATUKE v6u »7 9 F£BfcU*RV N89_ 



-ARTICLES- 




Cell Cefl 
Supernatant Lysate 
i T"T rn 




Call Cell 
Supernatant Lygate 

§22 g g s 

y O O 3 y O O 3 



Reduced 



Non-Reduced 



o 



o 

o 




i § % §. 



116- 
97- 

66- 




Fig. 2 Expression, secretion and sub unit structure of CD4 immunoadhesins and soluble rCD4. o t Expression and secretion or mouse 
immunoglobulins, soluble rCD* and CD4 immunoadhesins expressed in mammalian cells, Cells were transfected with vectors directing the 
expression of murine *-light chain (Unes *) or 7 1 -heavy chain (lanes yl) individually or together (lanes «•+>)), vectors encoding soluble 
rCD4 (lanes rCD4), and the CD4 immunoadhesins 2y\ (lanes CD^y,) or4yl (lanes Cf^y^. After metabolic labelling with [''S]melhionine, 
ceil supematants and cell lysates were analysed by immunoprccipiiaiion. Lanes U, untransfecced cells. fc, Subunit structure or secreted CD4 
immunoadhesins and soluble rCD4. Soluble rCDa, 2yl and 4yl were purified from culture supernatant* of transfected cells and analysed by 
electrophoresis on a 7-5% SQS poly aery I amide gel. Samples were prepared in buffer with 10 mM ditbiothrcitol (DTT1 (reducing conditions) 
or without DTT (non-reducing conditions). The positions of relative molecular ma&s standards are indicated (in thousands). Both immuno- 
adhesins behaved as dtsulphide-linkcd dimer*; in contrast, soluble rCD4 which is monomeric, displayed only a minor change in mobility 
upon reduction of its intra-molccular disulphide bonds. ' 

Method*, a* Cells were transfected by a modification of the calcium phosphate procedure, labelled with ["S]methionine t and cell lysates- 
prepared as described . Immunoprecjpitation analysis was carried out as previously described 1 , with the exception thai no preadsorbtjon with 
Pansorbin (Calbiochem) was done, and the precipitating antibodies used were 2 u.1 of rabbit anti-mouse IgC scrum (Capped) for mouse IgG 
heavy and light chains, 0.25 u,g of 0KT4A (Onho) for soluble |CD4, and no added antibody (Pansorbin only) for the CD4 immunoadhesins. 
Immunoprecipitated proteins were resolved on 10% SDS-PaGE gels, and visualized by autoradiography, o, CP4 immunoadhesins were 
purified from transfected cell supcrnatanu by protein A affinity chromatography fallowed by ammonium sulphate precipitation. Purified 
proteins were subjected to SDS-PAGE under both reducing and non-reducing conditions and visualized by silver staining* 



In viva plasma half-life 

Wc examined whether the immunoadhesins share the long in 
vivo half-life of antibodies. Studies of rCD4 in rabbits provide 
clearance data that extrapolate well to other specie$, including 
humans (J.M., unpublished results). The change in plasma con- 
centration with time for each of the three CD4 analogue* in 
rabbits is thown in Fig. 4, Analysis of these data reveals thai 
soluble rCD4 ha$ a terminal half-life in rabbits of — 15min, 
whereas 4>1 and 2y\ have terminal half-lives of -7 and 48 h, 
respectively (Tabic 1). Thus (he half-life of 2yl in rabbits is 
nearly 200 times longer than that of rCD4 and comparable to 
that of human IgG in rabbits (4.7 days) 24 . The half-life of 2y\ 
in humans is expected to be longer than that in rabbits t because 
of the decreased proportional blood flow to eliminating organs 



as species increase in size 25 , and should be comparable with 
that of human IgGl (21 days). 

Our results confirm our initial hypothesis that, as in the case 
of immunoglobulin itself, one can increase the stability of a 
rapidly cleared molecule (Fab or rCD4) by fusing it to a long- 
lived molecule, Fc. The swift clearance of rCD4 is probably 
largely due to its size, M r 55,000, which means it is just small 
enough to be cleared efficiently by renal filtration. One com- 
ponent in the increased half-lives of these molecules is therefore 
probably their larger size; but this cannot be the whole Story as 
4?L, although larger than 2yl, has a shorter half-life. Both 4?1 
and rCD4 t but not 2y\, contain two CD4-derived As n- linked 
carbohydrate sites which are glycosylated in rCD4 (R. Harris 
and M. Spellman, unpublished results); these sugar moieties 



Table 1 Properties of CD4 immunoadhesins and soluble rCD4 
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* Standard error of the mean was determined using the Inplot and Scat plot programs (see Fig. 3 legend), t Standard deviation indicated in hours, 
t Determined in rcf. 24 (IgGl has a half-life of 21 days in humans). 
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Fig, i Binding properties of CD* immuno- 
adhesins. a, Gpl20 saturation binding Analysis 
of CD* immunoadhesins. Immunoadhesin pro- 
teins 4yl (left) or 2yl (right) in transfectrd cell 
supernatant* were incubated with increasing 
concentration* of purified soluble rgp!20 (ref. 
50) radioiodinatcd with laetopcroxidasc. The 
lines drawn for ihc binding curves and for the 
Seatchard plots of the data (shown in the insets) 
represent the best fit as determined by unweigh- 
ted least-squares linear regression analysis. Dis- 
sociation constants calculated from these 
result* and from binding studies of gp) 20 to 
soluble rCD4 performed in parallel are given 
in Table 1. ft, Binding of CD* immunoadhesins 
lo Fey receptors on U9.17 celts. Com petition 
binding analysis was carried out by miming 
0.1 ugmr* of '"I-labclled human lgGl (Cai- 
biochem) with increasing concentrations of 
purified human lgGl (solid circle), Zyt (solid 
squire). 4tI (solid triangle), or soluble rC04 
(open circle) protein*. Curves drawn represent 
the best fit aft'detcrmined by unweighted least- 
squares nonlinear (IgG 1.2^1 and Ay I) or linear 
(rCEM) regression analysis. Dissociation con- 
stant* calculated from these results arc shown 
in Table 1- c, Clq saturation binding analysts 
of CD4 immunoadhesins. Purified anti-gpl20 
IgOlA mouse monoclonal antibody (solid 
circle), 2>1 (solid square), or 4yi (solid 
triangle) proteins were aggregated by binding 
to gpl20*coupled Sepharose. and incubated 
with increasing concentrations of purified 
human Clq (Calbiocncm) radioiodinatcd with 
lactoptrotidasc. The curve drawn for the anu-gpl20 monoclonal antibody (mAb) represents the best fit as determined by least-squares nonlinear 
regression analysis; the dissociation constant for Clq binding to this gpl20-aggregiied ami-gpl20mAb was -l^g* 10" 1 M. 
Methods, Oy GpUO saturation binding analysis was carried out as described 7 except that gpl20-CDd immunoadhesin complexes were collected 
directly onto Pansorbin; binding was comparable to that observed when completes were collected with OKT4A as for soluble rCD*. Specifically 
bound '"1-labclled gpl20 wan determined from (he diflerence in binding in the presence or absence of a l,fto0-fold excess of unlabclled 
rgp!20 and is plotted against the total '^-labelled gp12Q concentration, i, FeR binding analysis was done essentially as described' 7 except 
thai after ceniri fetation free lgGl was removed by aspiration of the aqueous and oil layer*. Mixtures of '"(-labelled human lgGl and lgGl, 
CD* immunoadhesins or soluble rCD4 were incubated with U937 cells (2 x 10* cells per tube) for 60 min at 4 *C. Specific binding was calculated 
by subtracting residual nonspecific binding (<25% of specific binding) which could not be competed out by a 1, 000-fold excess of unlabeled 
human lgGl, c, Clq binding analysis was done essentia Uy as describe except that gp 120 coupled to CNBr-activated Sep h ft rose 6B (Pharmacia) 
was used as the solid support to aggregate CD4 immunoadhesins or the anti-gpl20 mouse mAb. Proteins were adsorbed to gpl20 coupled-beads, 
incubated with varying concentrations of IZ M-Iabelled Clq. and bound and free Clq were then separated by cemrifuguuon ihrough 20% 
sucrose. Specific binding was determined from the difference in binding in the presence or absence of added antibody or immunoadhesin. All 
daia an?ly*i< wa* carried out using (he Inplol and Scat plot programs fR. Vandlen, Genenlechl. Scalp In! «.a<* modified from the Ligand program 
(P. M»jnc>. MM i. 




10"' \ar* 

IComD«l)lort im» 



may facilitate clearance by receptors in the liver. The charge of 
the molecule may also be important, as the CD4 portion of ayl 
contributes a net excess of eleven positively charged amino acids 
on 4yl, but only three on 2yl. This may increase uptake of 
rCD4 and *y\ onto anionic surfaces, accelerating their clearance 
from ihc circulation. 

Fc receptor and complement binding 

Two major mechanisms for the elimination of pathogens are 
mediated by the Fc portion of specific antibodies. Fc activates 
the classical pathway of complement, ultimately resulting in 
lysis of the pathogen, whereas binding to cell Fc receptors can 
lead to ingestion of the pathogen by phagocytes or lysis by killer 
cells. The binding sites for Fc cell receptors and far the initiating 
factor of the classical complement pathway, Clq, are found in 
the constant region of heavy chain 26 (theCH2 domain for Clq 27 
and the region linking the hinge to CH2 (pr Fc cell receptors 3 ). 
We aimed to incorporate both of these functions into the 
immunoadhesins. Wc chose (he lgGl subtype to supply (he Fc 
domain because lgGl is the best compromise between Fc bind- 
ing, Clq binding, and long half-life. We show below that the 
immunoadhesins bind FcR well, but do not bind Clq. 

Three types of Fc cell receptors are known to be expressed 
On ii variety of leukocytes. Of these FcR!, principally eipressed 



on mononuclear phagocytes, is the only one which binds 
monomelic human lgGl with high affinity*. We used competi- 
tion binding analysis with FcRI receptors on the U937 
monocyte/ macrophage cell line to characterize the Fc receptor 
binding of 2yl and 4y1. Direct sanr '"inn binding analysis with 
human lgGl gave a K d or —3* 10"" M. In competition bind- 
ing analyses, the two CD4 immunoadhesins, but not rCDd, 
bound to Fc receptors on U937 cells to the same extent and 
with an affinity indistinguishable from human lgGl (Fig. 3o, 
Tabic IV 

We examined the ability of the immunoadhesins to bind to 
the first component of the classical pathway of complement, 
Clq. by saturation binding analysis. Because binding of Clq 
increases with the aggregation state of the anliBbdy, with an 
affinity of -iO" 1 for monomers and -10"* for tetramers of 
IgG 2 °. wc first aggregated the immunoadhesin using gpl20 
linked to Scpharose. As a positive control, *e measured Clq 
binding to an anti-gpl20 mouse IgG2a monoclonal antibody, 
(which like human lgGl binds Clq with high affinity 29 ) aggre- 
gated by the same gpl20-Sepharose. The affinity of the mouse 
antibody for Clq determined by Scatchard analysis was 1.8 x 
\Q~* M (Fig. 3f), comparable to that observed for other mouse 
IgG2a and for human lgGl antibodies. In contrast, neither 
immunoadhesin hound Clq to any detecrahlc e<tew (Fig. 3c). 



NOV-13-00 17=21 FROM:COOPER & DUNHAM 



ID: 2123910525 



PAGE 38/42 



NATURE vdL 337 9 FEBPUaBV t*W 



Fig, 4 Pharmacokinetics of CD4 immunoad- 
hesins and soluble rCD4. Shown are the mean 
plasma concentrations (ngml" 1 ) for 2y\ 
(triangles). 4?1 (squares), and rCD4 (circle*) 
following a single intravenous administration 
in rabbit*, a, Time course of plasma clearance 
over the first 120 minutes; &, time course over 
8 dayi after injection of the CD* analogues. 
Methods. Ten female New Zetland white rab- 
bi U (Rabbitck, Modesto, California) were 
injected intravenously (via an car vein catheter) 
with a single bolus dose (40 p.g kg" 1 in a volume 
of I ml) of cither rCD* («-2),4yI (n-4),or 
2y M n = 3). Blood samples were obtained from 
an arterial catheter in the opposite ear; after 24 
hours, blood samples were obtained by 
venipuncture. Plasma Concent rati on t of each 
protein were determined by an enzyme-linked 
immunosorbent assay. This capture assay used 
two antibodies, including an anti-CD* mono- 
clonal directed againii the gpl 20-binding site 
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(and capable of blocking gpl 20 binding), and thus provided a Sensitive assay for CD4-containing molecules that arc still capable of binding 
gpl 2a Exponential equation* were filled to the data of individual rabbits using a nonlinear least squares: regression program NONLINM* 
(Statistical Consultant*. Lexington. Kentucky). The concentration (C,ngml -> ) versus time (/) data for rCD4 were best described by a 
bi«iponcntial equation C = 5ai e" , ■ v '*620e~ o ' Q47a, where lime is in minutes; the average terminal half-life was 14.7 min, and ihe average 
clarence was 3 ml min" 1 kg" 1 . The 4yl data were best described by a trieaponential equation. C~ 546 c" 3 111 + 193 e~ M 4, + 4©.8 e -J>1 , where 
time is in hours. The avenge terminal half-life was 6-7 nourt, and the average clearance was 0.91 ml min" 1 kg -1 . The 2y\ data were best 
described by a triexponential equation, C » 153 c"" ,a ' + 342 e"" + 183 c -9 "", where time is in hours. The average terminal half-life was 
48 hours, and the average clearance was 0.039 ml min" 1 kg"*. 



Fig. 5 inhibition of HIV-l infecthity by CD4 
immunoadhesins and soluble rCD4. a, Inhibi- 
tion of the cytopathic effects on ATH8 cells by 
HIV- 1 was examined as described* 1 with the 
HTLV-IIJB isolate". The number of viable cells 
at day 10 after infection is shown for varying 
concentrations of each molecule in the presence 
(solid bars) or absence (shaded bars) of added 
virus. The absence of an effect of each CD4 
analogue on cell number in the absence of virus 
indicates that none of these molecules inhibited 
cell growth. A Inhibition of infection of H9 
cells by HIV-l was carried out as described' 
with the HTLV-lllB isolate. Reverse transcrip- 
tase activity was determined 1 days after infec- 
tion and is given as the percentage of the level 
Seen in the absence of inhibitor Solid and open- 
circles represent 2?) and 4vl k respectively, c, ' 
Inhibition of infection of U937 cells by HIV-l 
(HTLV-lllB isolate) was Carried out as 
described above for H9 cells, d. Inhibition of 
infection of fresh human monocytes by the 
monocytotropic HIV-l isolate Ba-L (ref. 33). 
HIV-l replication u/as determined by measur- 
ing the level of p24 gag antigen synthesis 10 
days after infection using a commercial assay 
kit (Pupont). Circles, inverted triangles and 
triangles represent inhibition of p24 synthesis 
by soluble rCD*. 2yl ind 4yl, respectively. 
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although both did bind the gpl20-Scpharose matrix in amounts 
comparable to the control antibody. 

Thus, our immunoadhesins bind well to Fc receptors. It is 
Perhaps surprising thai they do not bind Clq. As far as is known, 
all the critical contact residues for Clq binding reside in the 
CH2 domain of ttnrTieavy chain", and are conserved among 
all the human IgG isolypcs. However, these have varying 
abilities to mediate complement fixation. Thus steric hindrance 
°r other aspects of protein conformation (for example, the 
tegmental flexibility of antibodies") may be imponani- 

Infectivity studies 

J* systems were used to study the in Ditto ability of CD4 
"nmunoadhesins to block infection of CD4-bearing T cells by 



the HIV-l T-lymphotrophic isolate HTLV-UIB (ref. 31). Infec- 
tion with HIV-l exerts a profound cytopathic effect on the 
human T-cell clone ATMS, with more than 98% of the celts 
being killed by day 10 after infection" (Fig. So). Both CDd 
immunoadhesins blocked cell killing with the same potency as 
soluble rCD4, without inhibiting cell proliferation; each CD4 
analogue completely abolished cell killing at a concentration of 
-0.05 u\M (Fig, 5a). Complete protection was also observed at 
comparable concentrations with a different HIV-l isolate, 
HTLV-UI RF, which is not neutralized by sera from animals 
immunized with rg pi 20 from the 1MB isolate 5 . We also examined 
the production of HIV- 1 reverse transcriptase activity after infec- 
tion of the H9 human T-Ccll line. Again, both immunoadhesins 
completely blocked virus production by day 7 (Fig. 5b), at 
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concentra.ions comparable .o rCD- (data not shown): moreover 
Se potency of each CD- analogue w« markedly higher 
(-fivefold) than that observed in the ATH8 assay. 

Monocyte infect! n 

Because it has been suggested that antibodies present in sera 
from HIV-l infeaed individuals may enhance the .nfecuviiy of 
HIV. Tin Fc receptor (FcR)-bearing cells suehas primary blood 
monocytes" and monocyte cell lines* 4 , we ewm.ned the effect 
of rCD4 and CD* immunoadhttin, on HIV-l infcet.on of 
cvo .-mressine cells of monocyte/ macrophage origin. Botn 
S rESdtam. completdy blocked HIV-l IIIB *u. 
production in U937 cells at similar concentrations to those found 
tobe effective on H* cells (Fig. Se), with a potency comparable 

„ that or soluble rCD4 (data ^JI^^SliVR 
the replication of a monocylotrophic HIV-l isolate, Ba-L , n 
X monocytes was monitored by the production of p24 anti- 
«n Solublerf:D4 completely blocked infection, indicating «hat 
infection of monocytes by the Ba-L isolate does .n«.l«CW. 
Both CD* imm-noadhesins.also completely blocked p24 pro- 
duction, at concentrations equal to or lower than rCD4 (F.g. 
id) Thus the CD4 immunoadhesins are at least comparable to 
soluble rCD4 in their ability to prevent .nfect.on of 
monoevte/maorophages by HIV; no evidence was found I tor 
Enhancement of infection by immunoadhesins (or by soluble 
rCD4) in cells which express high affinity Fc receptors. 

Implications for treatment of HIV-l disease 

Because the hallmark of HIV-l disease is the *^ ( f^»°» 
rfCt5r T cells, and the progression of infected individuals to 
A,DS closely parallels their decline in CD4 ^cell number' 
\t is reasonable to believe that the interaction or gpl20 with 
CW tithe" by direct HIV-l infection ofCD4 cells or otherw.se. 
, «dt'rSe W ing of CD** cells. Therefore, if this interaction 

But dil *e logic of this hypothesis, the observatum ha 
onlv a very few lymphocyte* are actively infected with HIV-l 
only a very j ^ r mM lW , attemo tinB to explain 



:ry lew iYnifr"'"-j"-* * . . . 

has posed a problem to those at tempting ; to. rtpta* 



he causative Vole of HIV-l in the aetiology of AIDS Two 
observations may explain the -catalytic ab.hty ^ HIV-l W 
deolcte CD4* lymphocytes: first, a single .nfected cell can fo e 
uninfected W ce.ls to itself, creating an , .*«». 
3*^- and second. gp!20 is shed from ihe surface of HIV-1- 
ulLd cel?s and virions' 1 , as its link to gp4|, iu anchor pro.e.n 
Ser Is Probably non-covalent. This shed gp!20 binds to . 
^rface CD4 o„ uninfected cells with high affinity, and can result 

shown to operate in uifro. Bystander cells coaled with gpl20 
bound to their C Da surface molecules become targets for am.- 
S ant bodies produced by HIV-l infected nd.v.duals and 
«n be killed iia antibody-dependent cell-mediated cytotoxic- 
ftv Also MHC class Il-positive CD4* T cells can .nternalue 
1»PC i bound tightly to CD4 on .heir surface, process it. and 
t^JZ^*** from 1. on their Cass II molecule, thus 
Kolom na sensitive even ai low gpl20 concentrations, to lysis 

S3CS an these^roposed mechanisms of cel. 
ha. gpl20 must bind specifically to cell-surface CD4. If h«e 
Sanisms are important in vivo, this would imply tha, soluble 

SlctThXase noticeably, one would «pe« ,o need 
,o mMn a high concentration of rCD4. which is hampered 
b,rSpTd chance. Our approach to this problem was to 
fose^he gpl20-binding domain of CD4 to a molecu e well 
ffes gned toavoid the clearance mechanisms of "f*^ 
the Fc domain and CD4 sequence* are structurally «"ipatible 
as the hybrid molecules have imponant properties or both 
Lents Thus, they bind gpl20 and block infection^ of T cclU 
bv T^vmphorophic HlV-l and of monocytes by mono- 
cyUo'phic Wl. They are also comparable to antibodies ,» 



their long plasma half-life and their ability to bind Fc receptors 1 
and protein A. This combinarion of propert.es allows both a 1 
tetters ive defence, due to the higher plasma conceiurauoru j 
SKe even with infrequent injection and 
activdv attacking HlVO and infeaed cells, A high steaoy-sute 
e Uo mak« i, more likely thaj effective concentra„on| . «B 
be attained in lymph and lymphatic organs, where HIV may be . 

01 The ^affinity Ending of,he immunoadhesins to Fc reeep- " 
toiimplU that mechanisms of pathogen^ '»^ a «°;- ^ " , 
phagocytic engulfment and killing by antibody-dependent cclU ^ 
medS cytotoxicity, may be recruited by • 
.dhttini to kill HIV-l infected cells and v,n». As « u pe*Jbk , 
£ antibody-dependent cell-mediated cy^o^ . 
ted individual may be more a mechanism of n 1 

infeaion than a pro.ective response-. ,. is ™ponant to note > 
difference between CD4 mmunoadhesios and the patients wn , 
anU-gpUO antibodies; the immunoadhesin, in contrast tc , antw 
boay' cannot recognize gpt20 bound .0 an uninfected CD- 
bystander cell, as gp!20 has only a single binding site for CDJ 
Because placental transfer of antibody unique to the J,gG ^ ub- 
SLs. also proceeds through an FcR-dependent mec^nwn 
CD4 immunoadhesins may also be transferred in -.era ^Th.s 
may have implications for the prevention of pennatally transm.t- 

Ie Xugntt n not yet Car which of 

poSc functions to our immunoadhesins. Once (he struaura 
requremcnt S rorlheoptimalmo.eculearees«abl.»hed^nc U o„s 

can be tailored at will, as the parent antibody molecule is so 
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A 1 1 0-ms pulsar, with negative : period 
derivative, in the globular cluster M15 

« Walaczan", S. R- KuUaniit, J. MMdleditcht, 
£ ? S, A. S. Fn.et.uri & R. J- Dcw.y,# 

La, New York. 148S3. USA ^ 

W. report XS£^&^™!^ 
globular cluster MIS • ™ ^ r (roRI tN ceB ,« 

of the cluster, "4 ' D ^ l ^ a ,i« ,.!«« -f the peri- <«rl«- 
binary system. The meay tt £ ^ M |he reSult pf , he pu)8B r being 
dw,F«-2"IO " ' w ' r " tol| , by Ihe grMi „Honal field of 
bodily .ceele^ied I- 6« ^^"^Mly over-Helm, » P«itf« 
.b, collapsed core < J WlfcTteM £ y PSR2J27+ 

«irh other M»rs"- j globular dusters 

THe discoveries o ^''"f^" al , c , us ,ers accessible 

passed through »h Arecibo ai* wJ 

128 Up t "^5i!iSf d a, a[m6s« inference free 

... 

compter F w aa, ' yJ ^ a / x W MP).Bo.h analyses involved pre- 
National Laboratory (tray a wirj. * / 

tt „ ch for harmonically J»^J^£ » i«J 
t iso| ale d pulMrt. The daia analysed wuh ihe IBM superoom 

- ^ b±W M WcpuUiOn Cli^. I«S— T ' eWwU «' 

CMiromai«ll2S.USA. 
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1 T>e average pulse profile of PSR2127 + U al \*\S MHz. 
7 hours, 

ou ter were divided inw five 2-m>llion.sarnple blocks, which ^ were 
P « 0 «atelv to n»aintain high sensitivity to binary pulsars 

hl gh.(? P«n°«^ v » -i .j^ delBCtion w« subsequently 

mrt r UTC Ji^s" Further observa.ions made at Awibo 
confirm^ a Los Alamos ^ 4 - ($cove|y ofa 110 . ms 

"?^ Z^V»*p*M* of PSR2127-T1I observed at 
pulsar The average pu» P parameiers, denved 

J 4 " MH r^« weekE S!£ 2seSons P ove, nine months, 
from our , uot ed are ihe standard 3a 

are svimmarrted m Tab le 1 S |imes 

•^Vr RR2127+ 11 will become known soon, the present 
pos Uoi« S or BBB' h wfficieBl , 0 copdude that the pulsar is 
f« Id well Sin the 6' core radius of the cluster. 2.0' west 
a°„d 0 6* IS ^ of the «ntre*. The dispersion measure of 
KU^+ lToM " 67.25 pe eih" J ,agrees well with that e»pec- 
a s mVle model of ihe galactic electron dcns.ty d.stnbu- 
on' JveSdSance. D = 9.7 kpc. and galactic coord.oates. 



Table I 



Measured parameter* of iht puUaf ?SR2l?7+ U 



Pulsar period 
Period derivaiive 
Epoch 

Dispersion measure 
HuX density (430 MHz) 
Rax density (|400MHx) 
Kighi Ascension (BI4S0.O) 
Declination (B1950.0) 
DittmCe 



0.1 106M709S4 * 0.00000000001 i 

(-20*1)*l0" l " ss " > 
JD24472I3.I5 
67^S±0.0S pe cm" 

l.7x0.4mJy 

0.2 i 005 miy 

2l"27 m 33 f 22 i ±0-Ol 

9-7 kpc ^ 
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